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ABSTRACT 
This study compared methods of wastewater treatment, and the conditions that 
they must be able to accommodate. To address this issue I visited wastewater treatment 
plants in three locations: Clarksdale, MS; University of Mississippi; and Oxford, MS. 
Additionally, I examined the chemistry and microbiology of the water in their respective 
receiving streams. I hypothesized that the wastewater plant with the most modern 
facilities and resources available would have the least effect on the water quality of its 
receiving stream. At each plant I learned what chemicals, equipment, and other methods 
are used, as well as unique challenges their treatment systems faced. Receiving streams 
were sampled for water quality at different points above and below the effluent input. 
Parameters examined include dissolved oxygen, pH, temperature, nitrate concentrations, 
and densities of total coliforms and E. Coli. The findings of this research show that the 
Oxford, MS, had the least impact on its receiving stream, having all of its effluent 
contaminants within the parameters set by the Mississippi Department of Environmental 
Quality. Although, overall, it did not have the most contemporary methods of wastewater 
treatment, it did have the most resources available, as well as the receiving stream with 
the highest assimilation capacity. The receiving stream in Clarksdale, MS, had high 
coliform densities, and the effluent from the plant at the University of Mississippi had 
high nitrate concentrations, but I was unable to make measurements upstream of its 
effluent discharge.  
	 	 	
vi	
TABLE OF CONTENTS 
 
ACKNOWLEDGEMENTS……………………………………………..…..iv 
ABSTRACT………………………………………………………….………v 
LIST OF TABLES……………………………………………………………vii 
LIST OF FIGURES…………………………………………………………..viii 
LIST OF ABBREVIATIONS………………………………………………...ix 
INTRODUCTION………………………………………………………….…1 
METHODS……………………………………………………………………4 
RESULTS…………………………………………………………………..…7 
DISCUSSION………………………………………………………………....21 
LIST OF REFERENCES……………………………………………………...26
	 	 	
vii	
LIST OF TABLES 
 
1 Sunflower River 2015 Water Sample Analysis………..……..12 
2 Sunflower River 2016 Water Sample Analysis………..……..13 
3 Yocona River 2016 Water Sample Analysis……………..…..17 
4 University of Mississippi Campus Receiving Stream 2016.…19 
 
	 	 	
viii	
LIST OF FIGURES 
1 E. coli: All Samples …………………….14 
2 Total Coliforms: All Samples ……………………..15 
3 Nitrate Concentrations : All Samples………………….…….20
	 	 	
ix	
LIST OF ABBREVIATIONS 
MPN                            Most Probable Number (per 100 milliliters)  
PPM   Part Per Million 
YMD   Yazoo Mississippi Delta (Joint Water Management District) 
MGD   Million Gallons Per Day 
MDEQ  Mississippi Department of Environmental Quality 
NGVD      National Geodetic Vertical Datum 
USGS   United States Geological Survey 
UV   Ultraviolet 
     
	 	 	
1	
INTRODUCTION 
The issue of water quality and treatment standards came to my attention several 
years ago. As a child, I remember my house being on well water, and how dark it was. 
When we switched over to community water, the water was more clear, but still dark. 
Sometimes, for a few days, the water would be clear and tasted like chlorine, which I 
learned later meant that the water had been “shocked” with chemicals. Having begun to 
notice details about water, I became curious about how water is treated, not only for 
consumption, but also how wastewater is treated. I learned that wastewater could be 
treated numerous different ways, and I found it interesting that most ways primarily used 
bacteria instead of chemicals. However, I found it disturbing that many chemicals were 
left in the wastewater and released with the effluent. Living in the agriculturally 
dominated Mississippi Delta, I knew that the volume of chemical runoff would be high 
and potentially dangerous. The Delta is also known to be in economic decline, leaving 
few resources, even for necessities such as water treatment.  This concern led to my 
interest in how wastewater treatment plants function and to what standards their effluent 
is held.  
The purpose of wastewater treatment is to allow human and industrial effluent to 
be released back into the environment without danger to human health or the 
environment. There is a plethora of microbiota, as well as chemicals, that can remain in 
wastewater and be harmful if not treated. If they are released into the environment, they 
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can also be indirectly harmful by contaminating soil, crops, and bodies of water, 
among many other things.  
 There are many methods for treating wastewater, but they all have unique pros 
and cons. When determining which method a treatment plant should use, many things 
are taken into consideration, such as volume to be processed, type of community it 
serves, and the cost of maintaining and operating a particular system. Each system 
must be effective enough to meet the standards set by the Clean Water Act of 1972, 
as well as any other local or state standards that may apply. A system should also be 
able to adapt to a change in water quality standards or an increase in treatment 
volume, especially in areas with a growing population. 
 To investigate this issue, I devised a plan to research the ways in which 
different wastewater treatment plants can operate and how their operations relate to 
their efficiency. Because plants can be so diverse, I researched three different plants 
with unique community sizes and types, operation methods, and resource 
availabilities. These three plants were in Oxford, MS, a relatively large and affluent 
community; the University of Mississippi, also somewhat large, but unique in its 
population density and resource availability; and Clarksdale, MS, which serves a 
relatively small population, but has also been in deferred maintenance for several 
years due to lack of resources.  
I also collected water samples from each of the receiving streams. On site, I 
measured dissolved oxygen, pH, and temperature. In the lab, I tested the samples for 
coliforms, E. coli, and nitrate concentrations. Analysis of these different 
measurements show the health and condition of the receiving streams.
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When compared to the physical processes the plants use to treat the wastewater, the 
effectiveness of the different treatment processes can be understood. I hypothesized 
that the newer facilities with more monetary and spatial resources would be more 
efficient and therefore, would have receiving streams in better conditions.  
In my research, I found that the newer facilities at the Oxford, MS plant were the 
most efficient, having a relatively low impact on its receiving stream, the Yocona 
River. However, it also had the most frequent updates and monetary, as well as 
spatial resources. The University of Mississippi plant had extremely high nitrate 
concentrations, but because it doesn’t directly charge customers for effluent, nor 
discharge directly into a public water source, its effluent standards are more lax than 
those for traditional wastewater treatment plants. The treatment plant in Clarksdale, 
MS, had extremely high coliform concentrations, most likely due to its antiquated 
method of activated bacterial exposure, the biological tower.  
While these results supported my hypothesis, the issue of wastewater treatment 
effectiveness is too multifaceted for one solution of updating the plants. Monetary 
and special resources, receiving stream assimilation capacity, population served, and 
fluctuation of population served must also be taken into account. I believe the quality 
of effluent is important for the ecosystem and local communities. All things 
considered, I think there should be more financing and better resources made 
available to wastewater treatment plants, as well as more vigorous testing and 
regulation of their effluent. 
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METHODS 
Study Sites 
 Three different wastewater treatment plants were investigated. These were in 
Clarksdale, MS; Oxford, MS; and at the University of Mississippi. These sites were 
chosen for their diversity in both processes and population served. Each site also had 
its own unique receiving stream, each of which varied greatly in size.  
Wastewater Treatment Plant Tours 
An informational tour of each plant was taken, as well as a brief interview 
conducted with the plant managers to fully understand their daily processes. I devised 
a list of questions to answer during the tours of each plant: 
• How do the plants operate? 
• What specific treatment methods do they use? 
• Have those methods been altered to fit the specific needs of the plant? 
• What is the condition/water quality of the plants’ receiving streams? 
• What population size do the plants serve? 
• What volume of wastewater do the plants process? 
• What do the plants do to make their treatment method most efficient? 
• Is there adequate monitoring of discharge? 
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• What are the MDEQ’s regulations on effluent, and how do the plants enforce 
them? 
• What is the condition/water quality of the plants’ receiving streams? 
• What population size do the plants serve? 
• What volume of wastewater do the plants process? 
• What do the plants do to make their treatment method most efficient? 
• Is there adequate monitoring of discharge? 
• What are the MDEQ’s regulations on effluent, and how do the plants enforce 
them? 
At the Clarksdale, MS plant on October 15, 2015, I interviewed the plant manager, 
Mr. Chuck Williams, and took a tour guided by a lab technician, Mrs. Beatrice Jones. 
At the Oxford, MS plant on October, 29, 2015, I toured the grounds and interviewed 
the plant manager, Mr. Randy McClusky. At the University of Mississippi plant, on 
December 10, 2015, I toured the grounds and interviewed the plant manager, Mr. 
David Adkisson.  
Field Data Collection 
 To assess the impact of each plants’ effluent, water samples were collected at 
varying locations above and below the plants’ discharge point, except for the 
University of Mississippi plant, which discharges into a dry stream bed, so it does not 
have an upstream flow. All water samples were collected at a depth of approximately 
0.1m.At each sample site, the water temperature, dissolved oxygen, and pH, were 
measured using a YSI meter. GPS coordinates and sample times were also recorded 
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for each sample. Water levels and terrain permitting, current of the stream was 
recorded at intermittent locations. At some sites, the water was either too shallow or a 
midstream point was inaccessible. Water samples from the Sunflower River were 
collected by canoe; water samples from the Yocona River were collected from the 
bank, reaching a few over the channel; water samples from the University of 
Mississippi campus stream were collected by using chest waders and walking in the 
stream bed. Using the Haversine Formula, distance between the latitude and longitude 
of each location was calculated to see how concentrations changed with distance in 
relation to the effluent discharge of each plant.  
The concentration of nitrate in each sample was quantified using the 
CHEMetrics® V-2000 Multi-Analyte Photometer and test kit K-6923. Coliforms were 
quantified by preparing cultures using the Idexx Colilert Test Kit WP020I and 
Quanti-Trays and allowed to incubate for 24 hours at 35° Celsius. Observation of 
color change in the Quanti-Tray wells in natural light, as well as fluorescence under 
UV light, was used to deduce the most probable number per 100 ml (MPN) of both 
total coliforms and E. coli in each water sample. All measurements of nitrate 
concentrations and coliform concentrations were performed in the lab of Dr. Cris 
Surbeck at the University of Mississippi. Regulations set by the Mississippi 
Department of Environmental Quality are that nitrate may not exceed more than 10 
PPM, and that E. coli may not exceed 126 MPN. These regulations are applicable to 
waters suitable for recreation or where secondary contact with the water is probable. 
Results for chemical and biological measurements are plotted by distance from the 
wastewater treatment plant point of discharge.  
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RESULTS 
 
Plant Descriptions  
Clarksdale, MS 
 According to the classification regulations set by the Mississippi Department of 
environmental Quality (MS D.E.Q.), the wastewater treatment plant in Clarksdale, MS is 
a Class IV plant, which indicates it is equipped for a capacity of greater than 3.0 million 
gallons per day (MGD), but has a daily maximum capacity of 5.0 MGD. It serves a 
population of 18,000, has an average daily influent of 1.8 MGD, and a maximum influent 
capacity of 5.0 MGD. Its primary treatment type is activated sludge accompanied by a 
trickling filter. Its receiving stream is the Sunflower River.  
 Influent is first pre-treated by being pumped up a tower and then allowed to flow 
back down through a series of mechanically cleaned box screens, and then into a non-
aerated grit chamber, allowing small sediments to settle out. It then goes to one of two 
basin primary clarifiers, allowing further sedimentation. The primary clarifiers also have 
a skimmer arm that rotates around the basin to remove any floating material. From the 
clarifiers, the waste is pumped up a 25 ft. biological tower at roughly 5,000 gal./min., and 
then sprayed onto a lattice of redwood slats. The redwood provides a surface for the 
growth of bacterial slime that removes organic matter by converting it into gasses and 
cell tissue (MDEQ). The biological tower is an antiquated method used to 
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serve as a trickling filter, which alone, cannot provide sufficient treatment. It also 
presents a unique set of disadvantages that must be carefully monitored. The excessive 
circulation through the filter can cause reduction in the wastewater temperature and 
decreased contact/detention times, which decreases the organic removal efficiency of 
biological activity (MDEQ).  
 After trickling down the biological tower, the waste is pumped into a circular 
basin secondary clarifier where it is allowed to settle in relatively quiescent conditions. 
The basin is aerated to provide dissolved oxygen that supports biological processes of 
organic matter decomposition. However, if sufficient bacteria were not attained in the 
biological tower, the effectiveness of the biological activity will not be adequate in the 
secondary clarifier.  If suspended solids are still at significant levels, a synthetic polymer 
may be added to aid in coagulation of the sludge. The liquid waste is then pumped to an 
underground final clarifier and treated with ultraviolet irradiation to disinfect it before 
being released directly into the Sunflower River. Ultraviolet (UV) irradiation is a 
contemporary method of disinfection that is relatively cost efficient and considered 
environmentally sound because it does not introduce any additional chemicals to the 
effluent. However, it is of interest that some organisms treated with UV irradiation can 
repair damaged cellular material through a process called photoreactivation, which is 
triggered by sunlight (MDEQ). The solid sludge is cleaned out of the secondary clarifier 
and spread over a drying bed. After sufficiently drying, the solid waste is transferred to a 
landfill.  
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 Oxford, MS 
  According to the classification regulations set by the Mississippi Department of 
Environmental Quality (MS DEQ), the wastewater treatment plant in Oxford, MS is a 
Class IV activated sludge plant with an influent of greater than 3.0 MGD. It has a 
maximum influent capacity of 6.5 MGD, serves a population of 20,000, and its average 
influent is 3.0 MGD. Its effluent is directly released into the Yocona River.  
 The influent is immediately pre-treated by a self-cleaning box screen that filters 
any large debris, which it automatically compacts for disposal. It is then pumped into a 
slow flow grit tank, where it is passed through at only 3 feet per second to allow any 
suspended grit to settle. After that, it is pumped to a primary clarifier where it settles 
further and is skimmed for any floating debris. When the majority of inorganic solids 
have been removed, the waste is pumped to a secondary clarifier where it is exposed to 
activated bacteria that are supported by aerators. When the sludge has sufficiently 
coagulated, most of the liquid waste is separated, but a significant portion of liquid is 
pumped along with the sludge into a lagoon. Periodically, the sludge is harvested from 
the lagoon and used by regional farmers for soil injections. The remaining liquid waste is 
pumped into a chlorine contact tank with a series of baffles that create a labyrinth-like 
flow path to ensure the minimum contact time for bacterial disinfection. The liquid waste 
is allowed to run into an underground chamber where a polymer coagulant and sulfur 
dioxide are added to help remove chlorine from the effluent. It is then run over a weir to 
help recapture the polymer before being discharged into the Yocona River.  
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University of Mississippi  
According to the classification regulations set by the MS DEQ, the wastewater 
treatment plant on the University of Mississippi campus is a Class I plant, which 
indicates it has a maximum influent of 1 MGD. It serves a population of approximately 
19,000 and has an average daily influent of 0.5 MGD. It uses activated sludge treatment 
and discharges its effluent into a stream that eventually joins the Yocona River.   
 The wastewater influent is immediately pre-treated with a micro-strainer. It 
removes larger debris and periodically self-cleans by compacting debris and dumping it 
into a collection bag for disposal. Just below the micro-strainer is a 20 ft. deep pit that 
collects the wastewater and serves as a sedimentary grit chamber. The influent volume at 
the University plant greatly fluctuates, so the pump in the grit chamber has float monitors 
to detect the waste volume. Depending on the volume, the waste is pumped either to an 
equalization basin or to an aeration basin. The equalization basin serves as a holding cell 
for excess waste until there is a lower influent volume, in which case the contents of the 
equalization basin is gradually reintroduced into the normal influent and treated. The 
basin is open, so it also captures rain water, which can be added to the treatment process 
in times of extremely low volume.  
 In the aeration basin, the waste is exposed to bacteria, as well as lime (calcium 
hydroxide), for a process called air stripping. The lime raises the pH of the waste and the 
massive aerators increase the air-water contact which results in ammonia being stripped 
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from the waste and released into the atmosphere as ammonia gas (MDEQ). However, for 
air stripping to be fully effective, the water should be run through a stripping tower to 
increase air-water contact, but here, the air stripping is dependent solely on aeration of 
the basin. The waste is then pumped into clarifiers and polymer is added to help remove 
the lime. The polymer and lime coagulate, settle out, and the clarifier skims the surface 
for any floating debris. There is also a return valve at the bottom of the clarifiers that 
pumps some of the activated sludge back into the aeration basin for bacterial recapture. 
The solid sludge is pumped to a vacuum assisted drying bed where another polymer 
coagulant is added to speed the drying process. It is then run through a belt press to 
remove any remaining moisture before being taken to a landfill. The liquid removed from 
the sludge is pumped into a labyrinth-like chlorine contact tank. Sulfur dioxide gas is 
added at the end of the tank to neutralize the chlorine before the effluent is released into 
the campus’s receiving stream.  
Water Quality Analysis 
Clarksdale, MS 
 Water samples from the Sunflower River were collected on April 15, 2015 and 
February 1, 2016. The sample locations were intermittent upstream and downstream from 
the wastewater treatment plant. All of the results were within the measurements allowed 
by the Mississippi Environmental Protection Agency, except for the concentration of 
E.coli in the samples attained in 2015 (Tables 1 and 2), which should not exceed more 
than 126  MPN. A relative comparison of coliform levels can be seen in Figures 1 and 2.  
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 Sunflower River: April 15, 2015 
Sample # Relative 
Distance 
from Plant  
(km)  
Location Temp. 
  (°C) 
  
DO 
(mg/L)  
pH Nitrate 
   (PPM) 
Total 
Coliforms 
(MPN/ 
100ml) 
E. coli 
(MPN/ 
100ml) 
1 -2.4665 City Hall 20.6 5.40 6.28 0.118 4106 317 
2 -2.4665 City Hall 20.6 5.40 6.28 0.119 3873 226 
3 -0.624 20m 
Downstream of 
Weir 
20.2 6.30 6.74 0.159 5475 272 
4 -0.624 20m 
Downstream of  
Weir 
20.2 6.30 6.74 0.108 8664 377 
5 0.100 160m 
Downstream of 
Plant  
20.3 6.00 7.13 0.608 24196 1664 
6 0.1 160m 
Downstream of 
Plant 
20.3 6.00 7.13 0.444 24196 1670 
Table 1. Sunflower River 2015 Water Sample Analysis 
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Sunflower River: February 1, 2016 
Sample 
# 
Relative 
Distance 
from Plant 
(km) 
Location Time  Temp. 
  (°C) 
  
DO  
(mg/L) 
pH Nitrate 
(PPM) 
Total  
Coliforms 
(MPN/ 100 ml) 
E. coli 
(MPN/ 
100 ml) 
1 -2.7971 Upstream of 
City Hall 
11:06 
AM 
11.0 8.5 6.84 0.415 1732.9 16 
2 -2.1360 Quapaw 11:20 
AM 
10.8 8.5 6.79 0.511 1299.7 8.5 
3 -1.7090  Upstream of 
Plant 
11:40 
AM 
10.6 8.6 6.91 0.499 1413.6 24.3 
4 -1.0912  Upstream of 
Plant 
11:53 
AM 
10.5 8.8 6.94 0.556 2419.6 24.9 
5 -0.6261 Below Weir 12:08 
PM 
11.2 9.4 7.06 0.519 1046.2 21.6 
6 0.0000 Near Effluent 
Discharge 
12:23 PM 11.4 9.1 7.15 0.624 1119.9 11 
7 0.2953  Downstream 
of Plant 
12:33 PM 11.4 8.9 7.12 0.481 980.4 14.6 
8 0.8267  Downstream 
of Plant 
12:45 PM 11.4 8.7 7.1 0.584 410.6 9.7 
9 1.1423  Downstream 
of Plant 
12:50 PM 11.3 8.5 7.04 0.414 387.3 13.4 
Table 2. Sunflower River 2016 Water Sample Analysis 
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Figure 1. E. coli: All Samples (refer to Tables 1-4 for location descriptions) 
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Figure 2. Total Coliforms: All Samples (refer to Tables 1-4 for location descriptions) 
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Oxford, MS 
 Water samples from the Yocona River were collected on March 7, 2016. The 
sample locations were upstream of the wastewater treatment plant, at the effluent stream 
before it converged with the Yocona River, and intermittently downstream from the 
effluent convergence. All of the results were within the measurements allowed by the 
Mississippi Department of Environmental Quality, but there was a marked spike in the 
concentration of nitrate, total coliforms, and E. coli at the effluent (Table 3). However, 
these concentrations quickly lowered downstream.  
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Yocona River: March 7, 2016 
Sample 
# 
Relative 
Distance 
from Plant 
(km) 
Location Time  Temp. 
   (°C) 
 
DO 
(mg/L)  
pH Nitrate 
 (PPM) 
Total 
Coliforms 
(MPN/ 
100ml) 
E. coli 
(MPN/ 
100ml) 
1 -0.1313 Upstream of 
Plant 
11:02 
AM 
11.8 13.8 6.86 0.250 193.5 21.3 
2 -0.1313 Upstream of 
Plant 
11:02 
AM 
11.8 13.8 6.86 0.249 150.0 29.2 
3 0.0000 *Effluent  11:23
AM 
16.6 11.7 6.55 13.920 1553.1 25.6 
4 0.0000 *Effluent  11:23 
AM 
16.6 11.7 6.55 12.350 1986.3 14.6 
5 0.7956  Downstream 
of Plant 
11:40
AM 
12.7 14.6 6.76 2.991 396.8 25.6 
6 0.7956  Downstream 
of Plant 
11:40 
AM 
12.7 14.6 6.76 3.202 387.3 18.7 
7 7.1136 Taylor, MS 12:18 
PM 
12.1 13.6 6.8 0.225 290.9 26.2 
8 7.1136 Taylor, MS 12:18 
PM 
12.1 13.6 6.8 0.289 224.7 18.5 
Table 3. Yocona River 2016 Water Sample Analysis 
*Note that Sample numbers 3 and 4 are undiluted effluent, therefore they are not included in any Figures.  
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University of Mississippi 
 Water samples from the campus stream at the University of Mississippi were 
collected on February 10, 2016.  The campus stream used to be a natural tributary to the 
Yocona River, but due to construction on campus, its origin was disrupted. It is now a 
stream bed that has no natural inflow, but serves as a collection stream for the waste 
water treatment plant and some additional storm drains before it eventually converges 
with the Yocona River. Because of this lack of water flow upstream of the treatment 
plant, no upstream water samples could be collected. Except for nitrate, all other results 
were within the range allowed by the Mississippi Department of Environmental Quality 
(Table 4). Relative nitrate concentrations in all water samples can be seen in Figure 3.  
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UM Plant Campus Stream: February 10, 2016 
Sample # Relative 
Distance 
From Plant 
(km) 
Location  Time  Temp. 
 (°C) 
   
DO 
(mg/L) 
pH Nitrate 
 (PPM) 
Total 
Coliforms 
(MPN/ 
100ml) 
E. coli 
(MPN/ 
100ml) 
1 0.000 Near Effluent 
Discharge  
12:18 
PM 
14.4 12.1 6.79 43.1 727.0 9.7 
3 1.730 Upstream of 
Storm Drain 
12:51 
PM 
14.4 12.1 6.95 47.1 866.4 10.9 
5 4.275 Downstream of 
Storm Drain 
1:18 
PM 
14.0 12.2 6.9 39.2 1299.7 37.9 
Table 4. University of Mississippi Campus Receiving Stream 2016 
	 	 	
20	
 
 
  
Figure 3. Nitrate Concentrations: All Samples	(refer to Tables 1-4 for location descriptions)	
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DISCUSSION 
The purpose of this study was to investigate of the relationship between a plant’s 
efficiency and its method of wastewater treatment, as determined by its resources and 
demographic served. Efficiency of each plant was gaged by its magnitude of impact on 
the water chemistry and microbiology of its receiving stream. It was found that each plant 
has a unique mechanism to accommodate its specific fluctuating needs, such as seasonal 
water level changes in receiving streams and population changes.  
The parameters of contaminants allowed in effluent set by the Mississippi 
Department of Environmental Quality takes into account the assimilation capacity of 
each treatment plant’s receiving stream. These dilution effects are not dependable in 
smaller streams whose volume greatly fluctuates.  In Clarksdale, this presents a unique 
challenge because the volume and flow of the Sunflower River is greatly affected by 
irrigation and rainfall levels. To address this issue, the YMD has implemented the use of 
a well field during the times of low flow (USGS). It is a series of wells that pump ground 
water into a tributary of the Sunflower River. This increases flow and prevents 
stagnation, drastically improving dilution effects during low water levels.  
Resources available to the treatment plant in Clarksdale are also very limited, 
perhaps due to the state of the economy in the Mississippi Delta Region. This leaves little 
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room for improvement in the treatment facility and processes. High coliforms in the 
samples taken from the Sunflower River in April of 2015 are most likely due to low 
water levels and low efficiency of the biological tower (Figure 1 and 2). The River had 
just fallen from 145 feet above the National Geodetic Vertical Datum (NGVD 1929) in 
March 2015 to 140 NGVD in April 2015 (USGS).  Between the months of January and 
February 2016, the Sunflower River held at a constant level of about 139 NGVD 
(USGS). Because the water levels from 2015 and 2016 were similar, the differences in 
E.coli and total coliforms are not likely due to dilution effects. There also could have 
been a difference in volume of effluent being discharged at the time of sampling. The 
water temperature during sampling in 2016 was also an average of 9°C lower than the 
water temperature during the 2015 sampling. The lowered temperature, which essentially 
decreases natural biological activity in the water, could have led to the decreased E. coli 
densities in the 2016 samples.  The trickling flow over the redwood media only allows a 
short contact time with bacteria, as opposed to prolonged contact that would occur in an 
enclosed container, such as an aeration basin or clarifier, which are used by the other two 
plants. Also, the disinfection by ultraviolet irradiation causes damage to the bacterial 
DNA that prevents it from propagating. However, when these organisms are exposed to 
direct sunlight after being released in effluent, they can self-repair by photoreactivation. 
Because some of the bacteria, including E. coli, can become viable, ultraviolet irradiation 
is not as dependable for disinfection as other methods, such as chlorination (MS D.E.Q.). 
However, it should be noted that some studies have shown that the UV light from 
sunlight can deactivate some bacteria.  
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The treatment plant on the University of Mississippi campus also has a unique 
situation surrounding its receiving stream. Historically, the plant released its effluent into 
a natural stream that was a tributary to the Yocona River. However, due to construction 
and campus expansion, the river’s source was destroyed, leaving only a dry riverbed. The 
University’s plant still discharges into the riverbed with no dilution effects, other than a 
storm drain that discharges into it downstream from the plant. This lack of upstream flow 
is most likely the reason for high nitrogen concentrations in the water of its receiving 
stream (Figure 3).  It also does not have an aeration tower to maximize its air stripping of 
ammonia. An aeration tower would drastically increase water-air contact time, which 
would allow for more complete dissipation of ammonia as gas.  
The Oxford, MS wastewater treatment plant had the lowest overall impact on its 
receiving stream, with only two samples with high nitrogen concentrations. These 
samples, numbers 3 and 4, had nitrate concentrations of 13.92 PPM and 12.35 PPM, 
which are only slightly above the 10 PPM allowed in water considered safe for contact 
and recreation by the MS D.E.Q. Impressively, these two samples were taken from the 
immediate effluent output before there were any dilution effects. The Oxford, MS 
treatment plant has well maintained facilities that are carefully monitored for leaks or 
necessary repairs. It also has a facultative lagoon that holds all of the sludge and some of 
the liquid waste, lowering the volume of effluent being discharged. The lagoon is highly 
beneficial to the plant, eliminating the need for sludge removal to a landfill and 
repurposing sludge for soil injections sold to local farmers. An aerated lagoon is currently 
being installed at the plant which will allow a second outlet for raw influent, 
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vastly increasing the plant’s influent capacity to prepare for the rapidly increasing 
population of the City of Oxford. In this lagoon, there will be no effluent; the process is 
dependent on evaporation. The aeration will support bacterial activity in the lagoon that 
will convert the organic matter in the waste to carbon dioxide, ammonia, and phosphate. 
These will not be harmful since they are not being released into a receiving stream. 
Instead, they will be beneficial as fertilizer in soil injections. Periodically, the sludge 
from the lagoon will be harvested for this purpose.  
This data supports my hypothesis that the plant with the most modern facilities 
and resources available would have the least impact on the chemistry of the water in its 
receiving stream. This data supports my hypothesis in that the Oxford, MS plant has the 
most resources available (i.e. funding for lagoon and updates every few years). However, 
my hypothesis about the modern facilities was not fully upheld with the treatment plant in 
Clarksdale, MS. Although it used UV irradiation as a disinfectant, which is one of the 
most innovative techniques, it still had the highest coliform densities in the water samples 
from the Sunflower River. This is most likely due to a combination of photoreactivation 
and the use of the biological tower. The ultraviolet irradiation does not lyse the bacterial 
cells like chlorination does, instead, it depends on damaged DNA to make the cells 
unable to propagate, leaving the cells to utilize sunlight to repair damage via 
photoreactivation. The full extent of photoreactivation on varying bacteria is not well 
understood. The lack of retention time in the biological tower can also lead to inefficient 
removal of organic matter, which results in higher bacterial densities for the ultraviolet 
irradiation to treat. The University of Mississippi plant has a poor quality nitrogen 
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removal system, but has the funds and plans to begin renovation and updates within the 
next year. I learned that small and consistent updates and well known, dependable 
processes can be more beneficial than new technology that is not as well understood. 
However, I also learned that the most important factor in maintaining wastewater 
treatment plant efficiency is having the funds and resources to make changes or updates 
needed to produce effluent that has minimal impact on its receiving stream.  
For a future, more rigorous study, I would recommend water samples be taken 
during more times of the year, for example, during times of high and low water levels and 
during seasonal changes in population fluctuation. Other environmental variations should 
also be accounted for, such as variation in temperature and precipitation, which would 
affect microbial activities. Increased water sampling over a longer period of time would 
be beneficial in a more thorough comparison of the plants and the assimilation capacities 
of their receiving streams. I would also test directly for ammonia in the receiving streams 
because it is more directly toxic to the riverine biota, and would be a better indicator of 
the effectiveness of the plants’ nitrogen removal systems. I would also test the water 
samples for chlorine to check the effectiveness of dechlorination by sodium dioxide. In 
high levels, chlorine can also be toxic to riverine biota.  
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